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Polymorphism 


UNDERSTANDS THE NATURE OF THE 


Polymorphism 
What's the big picture? 


You may pass Students and Profs to a function f that 
accepts Persons. If f calls their methods, each will 
behave not as a Person, but in its own specialized 


way. 
class Person { class Student: public Person 
public: String talk() { return “Go bruins!); 
string getName()|t’ 
string talk() class Prof: public Person 
Lë string talk() { return "Pop quiz!”; 
Lë 


Looks like just a person... 


void AskPersonToTalk(Person &p 
cout << p.getName() << “ says " << 


int main() { 
Student stud(“Sam”); 
AskPersontToTalk(stud); // Prints “Sam says Go Bruing 
Professor prof(“Juan”); 
AskPersontoTalk(prof); // Prints “Juan says Pop Quiz! 


Polymorphism 


Consider a function that void LemonadeStand(Person &p) 


accepts a Person as an DEE EE 


argument cout << "How many cups of ”; 
cout << "lemonade do you want?”; 


Can we also pass a Student } 


aS a parameter to it? 


We know we can do this: But can we do this? 
int main() int main() 
{ 
Person p; Student s; 
LemonadeStand(p) ; LemonadeStand(s) ; 
} } 


don pcd Aal 


Consider a function that 
accepts a Person as an 
argument 


Can we also pass a Student 
as a parameter to it? 


class Person 
d 
public: 
string getName(); 


private: 
string m sName; 
int m nAge; 


hi 
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Polymorphism 


Consider a function that 
accepts a Person as an 
argument 


Can we also pass a 
as a paramete 


class Student : 


Í class Person 

HI 

public: 
string getName(); 


private: 
3 string m sName; 
int m nAge; 


L 


void LemonadeStand(Person &p) 


cout << "Hello “ << p.getName(); 
cout << "How many cups of ”; 


/`êËÊÓ ËT* ^ Ó 7  `uonade do you want?”; 


Since I’m based on 4 
Person, | have every 
thing a Person has.. 
Including a name! 


Polymorphism 


The idea behind polymorphism is that once | define a 
function that accepts a (reference or pointer to a) 


Not only can | pass PEFSSA'Variables to that class... 


But | can also pass amy variable that 
was derived from a Person! 


class Person 


{ void SayHi(Person &p) 
public: { 

string getName() 

f return m name: } 
class Student ; public Person 


cout << "Hello “ << 
p.getName(); 


pr public: Int main() 


// new stuff: m ; 
int getGPA(); float GPA = 1.6; 


}; private: ent s(“David”,19, 
// new stuff: ; 
ES m gpa; } SayHi(s): 


Į: 


Poly ( Our SayHi function now treats 
Why is this? variable p as if it referred to a 
Everything a P Person variable... 


So if | can ask for a Pe 
ask for a Studen 


In fact, SayHi has no idea that 
p refers to a Student! 


Person's Stuff N 
string getName() —> void SayHi(Person &p) 
—p{ return m_name; } í 

int getAge() Pee oe prea ae 


{ return m_age; } 
} 


m_nam David’ 


A Sie int main() 


Ly float GPA = 1.6; 
—> Student s(“David”,52, 


Lys GPA); 


+ SayHi(s): 


Polymorphism 


Any time we use a base pointer or a base reference to 
access a derived object, 


class Person 


{ 
public: 
string 


private: 
string 
int 


}; 


getName(); 


is is called polymorphism. 


class Student : 
public Person 

{ 
public: 

// new stuff: 

int getStudentID(); 
private: 

// new stuff: 

int m_nStudentID; 
}; 


void SayHi(Person *p) 


{ 
cout << “Hello “ << 
p->getName(); 


int main( 
{ 
Student s(“Carey” ,38,3.9); 


SayHi(&s); 
} 


Now the SayHi function 
isn't dealing with the 
original Student 
variable! 


And that can 
cause all 
sorts of 


It has a chopped 
temporary variable Gel 


Percon s StUF void SayHi(Person 
{ 


string getName() cout << “Hello “ << 
{ return m_name; } .getName(); 
all the gës i 


int getAge() ` 
{ return m age; } ived 
int main() 


{ 
rPStudent s(“Carey”,38,3.9); 


Student’s Stuff 
float getGPA() 


{ MES gpa; } 


class Shape 


d 
public: 


{ return (0); } 


private: 


ek 


Now let's consider two 
classes derived from 
Shape: Square and 
Circle. 


Square has its own c'tor > 
=a as well as an updated 
getArea function that 
ea C overrides the one from 


virtual“double getArea()\ "e thisfunction in a derived 


q class! 

Z And why does getArea() 
w L y 

Je Similarly, Circle has its 

own c'tor and an updated 
getArea function. 
À á d 

ey +HSSUME S Zero! 

pup lic: 


Circle(int rad){ m rad=rad; } 
virtual double getArea() 
{ return (3.14*m_rad*m_rad); } 
private: 
int m_rad; 


}; 


I M Ss \7 71 
a 


getPerimeter(), etc 


>void PrintPriceSq(Square &x) 


{ 


=> cout << “Cost is: $“; 
=> cout << x.getArea() * 
— 3.25; 

} 


void PrintPriceCir(Circle 


éd 
-> 


=> 


-> 


cout << "Cost is: $“; 
cout << x.getArea() * 
3:25; 

} 


—> 


Polymorphism 


class Shape 


r 


public: 
virtual double getArea() 


{ return (0); } 


private: 


class Square: public Shape 


{ 
public: 
Square(int side){ m_side=side; } 


+>virtual double getArea() 
-> return (m side*m side); } 


private: 


m side? 


mt main() 


int m side; 
class Circle: public Shape 


d 

public: 

Circle(int rad){ m rad = rad; } 
-=>yvirtual double getArea() 

cb return (3.14*m_rad*m_rad); } 


private: 


Square s(5); 


m rad 


int m rad; 


Is 


Circle c(10); 


D ru track Dr gef enf eh e 


13 4 
Poly Now the PrintPrice() 


function can accept any je 


s Shape 


type of Shape! rtual double getArea( 
éi public Shape 


class Circle: public Shape 


void PrintPrice(Shape &x) 


í S Z Circle(int rad){ m_rad = rad; } 
cout << “Cost is: $“; virtual double getArea() 
cout << x.getArea() © 34.25; { return (3.14*m_rad*m_rad); } 
} private: 
int m rad; 


yi 


d 
public: 


KAMHL SS ArYCLAI TAN) ` 


3.25; Both Squares and Circles 


} It works,uyf dns. inefficient 
Why should we write tw 
int main() ARGH AO Rea eats 
{ get the argpngba Shape... 
Square s(5 
Circle c(l.,, So how about if we do this... 


DriantDearaCn/leae\. 


Polymorphism 


CCIE: “So since getArea ` 


IS a virtual function, I'll Area ) 
call Circle's version of 


|> E ad c = T 25 
this function.” -++: “Right 


à = „ów, x refers to > 
ints, this fun a Circle all a virtual 
x variable.” C++ figures 


out the correct version 
to use and calls it 
automagically! - 


Polymorphism 


ACI: "So since getArea ` 


IS a virtual function, lIl 
call Shape’s version of 
this function.” J 


It works in this case too... 


Polymo rohism SE Square: public Shape 


public: 
class Shape Square(int side){ m side=side; } 
ae virtual double getArea() 
public: { return (m_side*m_side); } 


virtual double getArea() 
{ return (0); } 


Pi class Circle: public Shape 
{ 


+; public: 


private Í i 
E Circle(int rad){ m rad = rad; } 
}; virtual double getArea() 
{ return (3.14*m_rad*m_rad); } 
void PrintPry private: 
{ int m_rad; 
cout << “Cag sic du; }; 
cout << . 
} When you use the virtual keyword, 


C++ figures out what class is being 
referenced and calls the right 


Square s(5); So the HN 8BtArea()... 
Circle c(10); 


int main() 


{ 


Might go here... Or here... 
PrintPrice(s); 


PrintPrice(c); Or even here... 


public Shape 


Polymorphism ; 


public: 
class Shape Wa 
{ virtual double getArea() 
public: { return (3.14*m_rad*m_rad); } 


virtual double getArea( 
{ return (0); } 


private: 


S Së 
—woid PrintPrice(Shape &x) As we can see, our PrintPrice method 
{ THINKS that every variable you pass 


cout << “Cost is: $“; in to it is JUST a Shape. 


x Â 
SE ere It thinks it's operating on a Shape - 
it has no idea that it's really operating 


} 
int main() 


t This meAre GHSESt ray RANE! about 


—>Square s(5); 
functions found in the Shape class! 


—PrintPrice(s); 
Functions specific to Circles or 


—Circle c(10); 
Squares are TOTALLY invisible to it! 


—>PrintPrice(c); 
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So What is Inheritance? What is Polymorphism? 


Inheritance: 
We publicly derive one or more classes D... D. 
(e.g., Square, Circle, Triangle) from a common base class (e.g., Shape). 


All of the derived classes, by definition, inherit a common set of functions 
from our base class: e.g., getArea(), getCircumference() 


Each derived class may re-define any function originally defined in the base 
class; the derived class will then have its own specialized version of that 
function. 


Polymorphism: 


Now | may use a ES pointer/reference to access any variable that is of a 


void printPrice(SHape Has is derive BÉIER, // rad=10 
{ quare s(20); // width=20 
cout << “At $10/square foot, your price printPrice(&c); 


Is: "; 
cout << “$” << 10.0 tr->getArea(); 
The same function call automatically causes different actions to occur, 
depending on what type of variable is currently being referred/pointed to. 


printPrice(&s); 


Why use Polymorphism? 


With polymorphism, it's possible to design and 
Implement systems that are more easily extensible. 


Today: We define Shape, Square, Circle and 
PrintPrice(Shape &s). 


Tomorrow: We define Parallelogram and our PrintPrice 
function automatically works with it too! 


Every time your program accesses an object through a 
base class reference or pointer, 
the referred-to object automatically behaves in an 
appropriate manner - 
all without writing special code for every different type! 


class Shape 


d D 
public: 
= virtual double getArea() 


=$ return (0); } 


Squar 
vir 


í n Which getArea() should | call?” 


private: pri 
D int 
}; }; 
—>void PrintPrice(Shape &x 


{ 


=> cout << “Cost i 
=> cout << x.getArea()* 
—>} 

int main() 


{ 


C++: “Grrrrr! Here we go SN 


"Well since x is a Shape 
variable, and getArea() is NOT 
virtual in the base class, l'Il just 


h Shape's getArea() function.” 
p 


LU. 
int m rad; 


Jop 


WARNING: When you omit the virtual 
keyword, C++ can't figure out the 


—>Square s(5); 
=>Circle c(10); 


‘ight version of the function to call... 


So it just calls the version of the 


=> PrintPrice(s); 
m_rad IRO] function defined in the base class! 


— PrintPrice(c); 


Polymorphism 


When should you use the virtual keyword? 


. Use the virtual keyword in your base class any 


time you expect to redefine a function in a 
derived class. 


. Use the virtual keyword in your derived classes 


any time you redefine a function (for clarity; not 
req'd). 


. Always use the virtual keyword for the destructor 


in your base class (& in your derived classes for 
clarity). 


Vair eranl hawun a virkis Aasamnctriictar cen Ann’t tr, 


S Polymorphism and 


Pointers 

class Person class Politician: public Person 
d d 
public: public: 

string getName() void tellALie() 

{ return m name; } { cout << m myLie; } 

... void wasteMoney(int dollars) 
private: { m specialInterest += dollars; } 

... private: 
}; ve 

}; 


Polymorphism works with 
pointers too! Let's see! 


itician jack 


1T1C1an 


Clearly, we can use a 
Politician pointer to 
access a Politician 

variable... 


A Politician inherits 


| na 


everything that a 


class Person 


{ 
public: 


string getName() void tellALie() 
{ return m_name; } 


Class Politician: public Person 
{ 
public: 


{ cout << m_myLie; } 


wë 


private: ‘So we can use a Person 


veid-wacteMoney(int dollars) 


ialInterest += dollars; } 
pointer to focus on just 


Person parts of the 
Politician! d 


Question: Can we point a 
Person pointer at a Politician 


; In general, you may point a 
superclass pointer at a 
subclassed variable. 


UVUHILEI. 


24 | 
lymorpni nda 
class Person class Politician: public Person 
d d 
public: public: 
string getName() void tellALie() 
{ return m name; } { cout << m myLie; } 
de 222 N void wasteMoney(int dollars) 
20 WE cal t { m_specialInterest += dollars; } 
treat him like 


` II 
_ he s not one!! 


a Politician - 


Së nrivate: 
David is a a Person 
variable, and lacks the 


` rr seedy parts found just in 
EI the Politician! 
Question: Can we point a 
'olitician pointer at a Person 


pen variable? 
More generally, you must 


NEVER point a subclass pointer 
at a superclass variable. 


25 


Polymorp 


In this example, we'll 


Aha! The ptr variable | 
points to a... S 


pointer to point to eit 
Square, then get its area! 


HHG adil 


int main() Si 
{ function. 
— Square sq(5) 
=> Circle cr(10); 
=> char choice; 
—> Shape *ptr; 


( Hmm. getArea() is a 
virtual function. What 
type of variable does ptr 


a point to? 
=> cout << "Your | => 


=> cout << ptr->getArea(); 


} 


Pick (S)quare, (c)ircles 
Your shape’s area is: 


SQ class Square: public Shape 
{ 


public: 
->virtual double aetArea( ) 
-> return ( 25 ); 
private: 


int m_side; 


Cl class Circle: public Shape 


{ 
public: 


virtual double getArea() 
{ return (3.4159*m_rad*m_ 

private: 

int m rad; SERO) 


al 


S Polymorphism and 
Pointers 


int main() 

{ 
Circle c(1); 
Square s(2); 
Triangle t(4,5,6); 


Shape *arr[100]; 
arr[0] = &c; 
arr[1] = &s; 
arr[2] = &t; 


// redraw all shapes 
for (int 1=0;1<3;1i++) 


{ 


arr[1]->plotShape(); 
} 
E 
N 


ow our program simply asks each object to draw 
itself and it does! 


d 


Z 
class Geek C++ 


{ i HighPitchedGeek... 
ST S 


public: 


—> void tickleMe 


"Hmmm. I’m really ^ L.L! 


t This line is using po AOTRET! ` 


} We're using a base (Geek) 
v] pointer to access a 
{ 


br object! 


class HighPitchGeek: public Geek 


d 
public: 


Derived (HighPitchedGeek) 


C++: "And meena IS a 


virtual method.. 


| 


a 


int main() 


{ 


=> Geek *ptr = new 


HighPitchGeek; 


"=> ptr->tickleMe(); // ? 


m 


=> virtual void laugh() 
-> cout << “tee hee hee”; } 


(Ss 


C++: “So lIl call the 
proper, HighPitchGeek 
version of laugh()!” 


À 


class BaritoneGeek: public Geek 
d 
public: 

virtual void laugh() 

{ cout << "ho ho ho”; } 


}; 


ILS MarKEU V 


HighPitchedGeek 
variable 
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Polymorphism and Virtual Destructors 


retire ~ ri ICA re 
\ / | | = | | = | Y | d r \ CÇ 
V i | TU KA Vi An VET UN UNI | ro 


always 


Next, we'll look at an example that shows a 
program with and without virtual destructors. 


I will not forget to add virtual in front of my destructors. 
I will not forget to add virtual in front of my destructors. 
I will not forget to add virtual in front of my destructors. 
I will not forget to add virtual in front of my destructors. 
I will not forget to add virtual in front of my destructors. 
I will not forget to add virtual in front of my destructors. 
I will not forget to add virtual in front of my destructors. 


I will not forget to add virtual in front of my destructors. "e 
I will not forget to add virtual in front of my destructors. 

I will not forget to add virtual in front of my destructorse 

I will not forget to add virtual in front of my destructor X 


"Polymorphism and Virtual Destructors 


class Prof 


d 

public: 
Prof() 
{ 


m_myIQ = 95; 


virtual ~Prof() 

{ 
cout << “I died smart: 
cout << m_myIQ; 


” 


class MathProf: public Prof 


d 
public: 
MathProf () 


m_pTable = new int[6]; 


for (int i=0;i1<6;i++) 
m pTable[i] = i*i; 


} 
virtual ~MathProf () 


} delete [] m_pTable; 
private: } 
int m_myIQ; private: 
ès int *m pTable; 
}; 
Summary: 


All professors think they’re smart. (Hmm... is 95 smart???) 


All math professors keep a set of flashcards with the first 6 
Square numbers in their head. 
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Virtual Dest Hey Operating Sytem, 


class Prof 


=p 


} 


cb D = néw MathProf; 


delete p; 


| need 24 bytes of 


memory. 


= 95; —>m_pTable = new int[6]; 


(int i=0;i<6; i++) 
able[i] = i*i; 


Ok, we're allocating a 
MathProf variable, lI 
call the constructors... 


Prof's c'tor first, then 
MathProf's c'tor 
second. 


~MathProf () 


e [] m_pTable; 


Ok! lIl reserve 24 
bytes of memory for 
you at location Gär 


"Polymorphism and Virtual Destructors 


class Prof 
d 
public: 
Prof() 
d 


class MathProf: public Prof 


Ok. Now that I ran the destructors, 


l'Il tell the Operating system to free 


m myIQ = 95; 
"y1 the memory for me: 
—>virtual -Pro 
{ 
=> cout << “I 
=> cout << m_ 
we 
private: 

int m_myIQ; 


int main() 


Hey OS, you can release the memory 


Ok! I'll free it for 
someone else to use. 


Prof *p; 


á IT ; athProf data 
`... oTable80( 
} mM myIQ:9 
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Virtual Destructors 


Now let's see what happens if our destructors aren't 
virtual functions*. 


class Prof class MathProf: public Prof 
d d 
public: public: 
Prof() MathProf () 
{ 
m_myIQ = 95; m_pTable = new int[6]; 
| for (int 1=0;1<6;1i++) 
virtual ~Prof() m pTable[i] = i*i; 
} 
cout << “I died smart:” virtual ~MathProf() 


cout << m myIQ; 


T Technically, if you don't make your destructor 
virtual your program will have undefined behavior 


(e.g., it could do anything, including crash), 


but what l'II show you is the typical behavior. 


"Polymorphism and Vi 


Hey Operating Sytem, 


class Prof 
d 

public: 
=>Prof() 


d 


=> m myIQ = 95; 


need 24 bytes of 


class 


memory. 


=>m_pTable = néw int[6]; 


=> far (int i=0;i<6;i++) 
Ok, we're allocating a Table[i] = i*i; 

MathProf variable, lIl 
call the constructors... 


Prof first, then 
MathProf's constructor 
second. Z 


Ok! lIl reserve 24 
bytes of memory for 
you at location GU 


"Polymorphism and Virtual Destructors 


class Prof 3 MathProf: publi 
{ Hmm. Let’s see... 
public: 
Prof () l l l 
{ The variable p is a Prof pointer and 
m myIQ = 95; Prof doesn't have a virtual 
destructor. 
—>~Prof () 
{ 


So all | need to do is call Prof's 
destructor. 
Ok! I'll free it for 
someone else to use. 


=> cout << “I die 
=> cout << m myIQ 
ec! 
private: 

int m_myIQ; 


int main() 


Prof *p; 


Uthi Mae aAsowe have vetor 
was meeenanallkd laríd the 
table was never freed! 


=> delete p; 


} 


hat Happens? 


\ 
AE AS Cl WEE to 
epee iets ctor 


virtual? _ 
er > Andft⁄ier (nant a debata 
f AASEHEtAT db OPS RAES 
=> Cout 22 “Talal problems when you use 
oo mdkatroigtbhisnbe called? 
}; 


class Prof: publi 
Person *p = new Prof; 


public: 


=> virtual ~Prof( ) delete p; // problem! 


= 


{ 
—cout << “Argh! No tenure!” to ke safe, dfiyou use 
> géie? ance ALWAYS use virtual 
j estructors - just in case. 


` How does it all work 


When you define a 
variable of a class... 


C++ adds an (invisible) 
table to your object that 
points to the proper set 

of functions to use. 


d 


class Shape 

í 

public: 

virtual int getX() {return m_x;} 
virtual int getY() {return m_y;} 
irtual int getArea() {return 0;} 


1 


This table is called a 


int main() 


Shape s; 


"vtable.” 


It contains an entry for 
every virtual function in 
our class. 


In the case of a Shape 


( 

publ variable, all three 
vil pointers in our vtable 
d point to our Shape 

; class's functions. 
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How does it all work? 


Ok, how 
about if we 
define a 
Square 
variable? 


int main() 


Shape s; 
Square q; 


Class Shape 

d 

public: 

virtual int getX() {return m_x;} 
irtual int getY() {return m_y;} 
irtual int g@tArea() {return 0;} 


1 


class Square: 


{ 

public: 

virtual int 
{ return Ñ 


}; 

E ra However, our 

í Square basically 

public: uses our Shape's 
virtual getX and getY 
{ retur] functions, so our 

p other entries will 


LUJA Lena 1 Aa 


"How does it C++ uses the vtable at run-time 
(not compile-time) to figure out 


getX |- which virtual function to call. 
getY L 7 


getArea | 7 


The details are a bit more complex, 
but this is the general idea. 


class Square: public Shape 
No | { 
Anw hein we ks | public: 
wherayw® use — rea () 
pome@earpaism C++:“Aha! p points to fm side); } 
funttfon.s some type of Shape... 
int main() 
| Let's see which version ape 
shape s; of the getArea function 
Square q; 

t .getA = , 
EE uses the right Km_rad); } 
Hape ae q function! 

-eout << p->getArea(); }; i 


Summary of Polymorphism 


* First we figure out what we want to represent (like a bunch of 
shapes) 


* Then we define a base class that contains functions 
common to all of the derived classes (e.g. getArea, plotShape). 


* Then we write our derived classes, creating specialized 
versions of each common function: 


Square version of getArea Circle version of getArea 
virtual int getArea() virtual int getArea() 
d 

return(m_side * m_side); return(3.14*m_rad*m_rad); 
} } 


* We can access derived variables with a base class pointer or 
reference. 


* Finally, we should (MUST) always define a virtual destructor in our 
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class Shape 


virtual ~Shape 


''Remember!! You 
always need a virtual 
destructor in your base 


SO here’s my 
question: 


getArea() and 


class Square: public Shape 
{ 
public: 

virtual double getArea() 


{ return (m_side*m side); } 
virtual double getCircum() 
{ return (äm side); } 


class Circle: public Shape 
{ 
public: 

virtual double getArea() 


{ return (3.14*m_rad*m_rad); } 
virtual double getCircum() 
{ return (2*3.14*m_rad); } 


getCircum() 
functions ever be 
called? 


—>cout << “The area is “ << 

x.getArea(); 

=~cout << “The circumference is 
x.getCircum(); 

} 


int main() 

{ 
Square s(5); 
Circle c(10); 


—>PrintiInfo(s); 
=> PrintInfo(c); 
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class Shape 


d 
public: ` 
->virtual double getArea() { return(0);} 


Well, | guess they’d be 


called if you created a 


virtual double getCircum(){return(®) ;} shape variable in main... 


But why would we ever want to 
get the area and circumference 
class Square: public Shape of an “abstract” shape? 

{ 
public: Those are just dummy 


virtual double getArea() functions... They return zero! 
{ return (m_side*m side); } 


virtual double getCircum() h 5 
{ return (4*m side); } They were never meant to be 


used... 


class Circle: public Shape } 
{ int main() 
public: { 


virtual double getArea() Shape p; 


{ return (3.14*m_rad*m_rad); } 
virtual double getCircum() 
{ return (2*3.14*m_rad); } 


=> PrintInfo(p); 


We must define [undi 
classes in our basg 


class Shape 


{ 


virtual float getCircum()~ 
{ return (0); } 


H 


public: A d ` € < 
? en used - they just 


define common functions 


folsihe degyed classes. 


PrintPriceé 
} 


class Square: public Shape 


{ 
public: 
virtual float getArea() 
{ return (m side*m side); } 
virtual float getCircum() 
{ return (4*m_side); } 


class Circle: public Shape 


{ 
public: 
virtual float getArea() 
{ return (3.14*m rad*m rad); } 
virtual float getCircum() 
{ return (2*3.14*m_rad); } 


Pure Virtual Functions 


So what we've done so far is to define a dummy 
version of these functions in our base class: 


class Shape 


{ 
public: 
virtual float qetArea()= ¢ 


To make a function pure virtual, 
just add =O; after the function 
header and get rid of its { body 


virtual float aetCircum( = 


private: 


}; C++ actually has an official way 
to define such “abstract” 
functions. Let's see how! 


These are called 
“pure virtual” functions. 


Pure Virtual Functions 


A pure virtual function is one | class Shape 


d 
that has no actual { code }. publie: 


If your base class defines a virtual float getArea() = Ò; 
pure virtual function... 


You're basically saying that the 
base version of the function 
will never be called! 


d 
public: 
Circle(int rad){ m rad = 
virtual float getArea() 

{ return (3.14*m rad*m rad); } 
virtual float getCircum() 

{ return (2*3.14*m rad); } 
private: 


Le 


Pure Virtual Functions 


If you define at /east one pure virtual function in a 
ss is called an "Abstract 


Making Shape an 
Abstract Base 


class Shape 


getArea() is a 
pure-virtual 


{ 

public: i 
virtual double getArea() = Ab 
virtual void someOtherFunc() 


{ 
cout << “blah blah blah\n”; 


teg 


private: 


d; 


So, in the above example... 
getArea is a pure virtual function, 
and Shape is an Abstract Base Class. 


Abstract Base Classes (ABCs) 


If you define an Abstract Base Class, its derived 
class(es): 


1. Must either provide { code } for ALL pure virtual 


class Robot 


an Aë ke bid e gsr 
public: class or an ABC? 
virtual void talkToMe() = 


viittaa lid toge Weit) )=00 Right! It’s an ABC 


| E Ee EEN 


Right! SN 3 TERAS PERLAR use 
ithasiidtiman Ase daca pere 
IR début eps tg an slabs 
becausitqarWvidest{)code } 
for botin efitsokriérsdP\Ribattions! 


oe 


Abstract Base Classes (ABCs) 


Why should you use pure virtual functions 
and create Abstract Base Classes anyway? 


class Shape 


d 
public: 
virtual float getArea() = 0; 


Compiler: 


"That's much better. 
Don't screw up like 
public! that again!” 


->virtual float getA 
=P return (mw * m 


virtual float getCircum() 
{ return (2*m w+2*m h); } 


}; 


Compiler: 
“You have an error you 
silly programmer! There 
is no getCircum( ) 


s“ = Whnal you can ao with 


Even though you CAN'T Bu can still use ABCs like 


create a variable with an 
ARC tina 


int main() 


{ 
Shape s; // ERROR! 


cout << s.getArea(); 


} 


So to Summarize, use pure virtual 
functions to: 


(a) avoid writing “dummy” logic ina 


base class when it makes no 
sense to do so! 


(b) force the programmer to 


implement functions in a derived 


class to prevent bugs 


regular base classes to 
implement polymorphism... 


void PrintPrice(Shape &x) 


{ 
cout << “Cost is: $“; 
cout << x.getArea()*3.25; 


} 


int main() 


Square s(5); 
PrintPrice(s); 


Rectangle r(20,30); 
PrintPrice(r); 


i r UTC VIFlUdl 


''Remember!! You 
always need a virtual 
destructor in your base 


class Animal 

{ 

public: 
virtual void Gey 
virtual void Gy 
virtual ~Anima 


H 


class Insect: public Animal 
| 
public: 
void GetNumLegs() { return(6); } 
// Insect does not define 
GetNumEyes 


class Fly: public Insect 
4 
public: 
void GetNumEyes() { return(2); } 


}; 


Polymorphism Cheat Sheet 


You can't access private members of the 
base class from the derived Class: 


// BAD! 
class Base 


{ 
public: 


private: 
int v; 

d 
class Derived: public Base 
í 
public: 

Derived(int q) 

{ 


v = q; // ERROR! 


void foo() 


v = 10; // ERROR! 
} 
}; 


So long as you define your BASE version of a functión with virtual, all derived versions 


ke "H SET eee $ ANE HE 1 || ee AN SE. EEN | ST ae Leas STEE) T: one 


// GOOD! 
class Base 
{ 
public: 
Base(int x) 
{v=x} 
void setV(int x) 
{v=x; } 
private: 
int v; 


}: 


class Derived: public Base 


{ 
public: 


Derived(int q) 
: Base(q) // GOOD! 


} 
void foo() 
setV(10); // GOOD! 


} 
d 


Always make sure to add a virtual 
destructor to your base class: 


// BAD! 
class Base 


{ 
public: 

~Base() { ... } // BAD! 
1 


class Derived: public Base 
{ 


Ge 


// GOOD! 
class Base 


{ 

public: 

virtual ~Base() { ... } // 
GOOD! 


A 


class Derived: public Base 
{ 


po 


class Person 


{ 
public: 


{ 
public: 


talk 
} 


vjrtual void talk(string &s) { ... } 


class Professor: public Person 


void talk(std::string &s) 
cout <<X profess the following: 


Person: :talk(s\\ // uses Person’s 


Don't forget to 
use virtual to 
define methods 
in your base 
class, if you 
expect to re- 
define them in 
your derived 
class(es) 


To call a base- 
class method 
that has been re- 
defined in a 
derived class, 
use the base:: 
prefix! 


, as ee GET TE) a AS A M Rr: 
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class SomeBaseClass 
{ 
public: 
virtual void aVirtualFunc() { cout << “I’m virtual”; } // 
#1 


void notVirtualFunc() { cout << “I’m not”; } // 
#2 
void tricky() lI #3 
{ 
aVirtualFunc(); [eee 


notVirtualFunc(); 
} 
x; 


class SomeDerivedClass: public SomeBaseClass 


d 


public: 

void aVirtualFunc() { cout << “Also virtual!”; } H 
#4 

void notVirtualFunc() { cout << “Still not”; } // #5 
}; 
int main() 
{ 


SomeDerivedClass d; 
SomeBaseClass *b = &d; // base ptr points to derived 
obj 


// Example #1 

cout << b->aVirtualFunc(); // calls function #4 
// Example #2 

cout << b->notVirtualFunc(); // calls function #2 


// Example #3 
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Polymorphism Cheat 
Sheet, Page #2 


Example #1: When you use a BASE 
pointer to access a DERIVED object, AND 
you Call a VIRTUAL function defined in 
both the BASE and the DERIVED classes, 
your code will call the DERIVED version of 
the function. 


Example #2: When you use a BASE 
pointer to access a DERIVED object, AND 
you Call a NON-VIRTUAL function defined 

in both the BASE and the DERIVED 

classes, your code will call the BASE 
version of the function. 


Example #3: When you use a BASE 
pointer to access a DERIVED object, all 
function calls to VIRTUAL functions (***) 
will be directed to the derived object's 

version, even if the function (tricky) 

calling the virtual function is NOT 
VIRTUAL itself. 


ý Challenge Problem: Diary 
Class 


Write a Diary class to hold your memories...: 


1. When a Diary object is constructed, the user must 
specify a title for the diary in the form of a C++ string. 


2. All diaries allow the user to find out their title with a 
getTitle() method. 


3. All diaries have a writeEntry() method. This method 
allows the user to add a new entry to the diary. All 
new entries should be directly appended onto the end 
of existing entries in the diary. 


4. All diaries can be read with a read() method. This 
method takes no arguments and returns a string 
containing all the entries written in the diary so far. 


(You should expect your Diary class will be derived from!) 


Diary Class Solution 


class Diary 


d 
public: 


Diary(const string &s) Í m_sTitle = s; } 
virtual ~Diary() { /* do nothing*/ } // required!!! 
string getTitle() const { return(m_sTitle); } 


virtual void writeEntry(const string &sEntry) 


d 
} 


virtual string read() const { return(m_sEntries); } 
private: 

string m_sEntries, m_sTitle; 
Lé 


m_sEntries += sEntry; 


Challenge Problem Part 2 


Now you are to write a derived class called 
“SecretDiary”. This diary has all of its entries 
encoded. 


1. Secret diaries always have a title of “TOP-SECRET”. 


2. Secret diaries should support the getTitle() method, 
just like regular diaries. 


3. The SecretDiary has a writeEntry method that allows 
the user to write new encoded entries into the diary. 
- You can use a function called encode() to encode 
text 


4. The SecretDiary has a read() method. This method 
Should return a properly decoded string containing 
all of the entries in the diary. 


Class SecretDiary: public Diary 
d 


public: 
SecretDiary() :Diary(“TOP-SECRET”) 
d 
} 
virtual void writeEntry(const string &s) 
{ 
Diary::writeEntry(encode(s)); 
} 
virtual string read() const 
{ 
return decode(Diary::read()); 
} 
private: 


Lë 


Challenge Problem Part 3 


One of the brilliant CS students in CS32 is having a 
problem with your classes (let's assume you have a 
bug!). He says the following code properly prints the title 
of the diary, but for some reason when it prints out the 
diary's entries, all it prints is gobbledygook. 

int main() 
d 
SecretDiarya; 
a.writeEntry("Dear diary,”); 
a.writeEntry("Those CS32 professors are sure 
great.”); 
a.writeEntry(“Signed, Ahski Issar”); 
Diary *b = &a; 
cout << b->getTitle(); 
cout << b->read(); 


WHat problem might your code have that would cause 
GL eeh 


